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Distinguish between independent & dependent samples
Conduct a z-test for two independent means
Conduct a z-test for two independent proportions 
Conduct a F-test for equality of variance 




Conduct a t-test for the means assuming unequal variance
Conduct a t-test for the means of two dependent samples
Measure Effect Size












= of Variance F-Test
Pooled Variance t-test












The two samples are independent if the are 
unrelated to one another
The measurement from one sample has no 





Dependent samples are related to each 
other
Measurements from one sample influence 





Average daily commute times in NYC vs. Chicago
Hours a day spent using a smart phone for Baby Boomers 
vs. Generation Z
Average annual cost of repairs for the 2015 Honda Accord 
vs. the 2015 Toyota Camry
Starting salaries for college graduates majoring in Business 














Before & After Tests
• An intervention is made
• GPA of students on 
academic probation before 
and after completing a 
remedial program
• Brand sales before and 
after a product redesign
Matched Pairs
• No intervention is made
• Blood test results from the 
same 50 patients 











The samples must be independent
Both samples must have 30 or more observations, 
n ≥ 30







H0 assumes no difference
between the samples






Dr. V. teaches classes at 9 am and 11 am
Students in the 11 am classes seem to do better on the first examination 
than those in the 9 am classes
Research question: Do students in the 9 am classes have lower average 
grades on the first examination than those in the 11 am classes? 







Variable 9:00 AM 11:00 AM
Sample Size, n 155 156
Sample Mean, X̅ 74.3 80
Presumed Population Standard Deviation, σ 20 16
Presumed Population Variance, σ2 400 256
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#2: Select Significance Level, α





#3: State H0 & H1
Research Question: Do students in the 9 am classes have lower average 
grades on the first examination than those in the 11 am classes? 





#3: State H0 & H1




#4: Compose the Decision Rule
Find the Critical Value of z
Excel: -1.645 [=NORM.S.INV(0.05)]
Table: -1.65
z is negative for left-tailed tests
18
Area between the Mean and z
z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
1.5 0.4332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441
1.6 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0.4515 0.4525 0.4535 0.4545
1.7 0.4554 0.4564 0.4573 0.4582 0.4591 0.4599 0.4608 0.4616 0.4625 0.4633
18
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#4: Compose the Decision Rule
19



























































z = -2.78 the best estimate of the p-value = 0.0027, found by 0.5000 - 0.4973
z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
2.6 0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963 0.4964
2.7 0.4965 0.4966 0.4967 0.4968 0.4969 0.4970 0.4971 0.4972 0.4973 0.4974
2.8 0.4974 0.4975 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980 0.4981
z = -2.78, the best estimate of the p-value is 0.0027
z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
2.6 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036
2.7 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026
2.8 0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021 0.0021 0.0020 0.0019
p-value = 0.0027 or 0.27%
22
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Excel calculates z and p-value faster






Excel calculates z and p-value faster












z-Test: Two Sample for Means
9:00:00 AM 11:00:00 AM
Mean 74.3048387 80.01378205
Known Variance 400 256
Observations 155 156
Hypothesized Mean Difference 0
z -2.7785201
P(Z<=z) one-tail 0.00273036
z Critical one-tail 1.64485363
P(Z<=z) two-tail 0.00546071















The difference between a


















#5: Calculate Power 
(Using Power Table*)
28
δ 0.05/0.10 0.025/0.05 0.01/0.02 0.005/0.01
0.0 0.10* 0.05* 0.02 0.01
0.1 0.10* 0.05* 0.02 0.01
0.2 0.11* 0.05 0.02 0.01
0.3 0.12* 0.06 0.03 0.01
0.4 0.13* 0.07 0.03 0.01
0.5 0.14 0.08 0.03 0.02
0.6 0.16 0.09 0.04 0.02
0.7 0.18 0.11 0.05 0.03
0.8 0.21 0.13 0.06 0.04
0.9 0.23 0.15 0.08 0.05
1.0 0.26 0.17 0.09 0.06
1.1 0.30 0.20 0.11 0.07
1.2 0.33 0.22 0.13 0.08
1.3 0.37 0.26 0.15 0.10
1.4 0.40 0.29 0.18 0.12
1.5 0.44 0.32 0.20 0.14
1.6 0.48 0.36 0.23 0.16
1.7 0.52 0.40 0.27 0.19
1.8 0.56 0.44 0.30 0.22
1.9 6.00 0.48 0.33 0.25
2.0 0.64 0.52 0.37 0.28
2.1 0.68 0.56 0.41 0.32
2.2 0.71 0.59 0.45 0.35
2.3 0.74 0.63 0.49 0.39
2.4 0.77 0.67 0.53 0.43
2.5 0.80 0.71 0.57 0.47
2.6 0.83 0.74 0.61 0.51
2.7 0.85 0.77 0.65 0.55
2.8 0.88 0.80 0.68 0.59
2.9 0.90 0.83 0.72 0.63
3.0 0.91 0.85 0.75 0.66
3.1 0.93 0.87 0.78 0.70
3.2 0.94 0.89 0.81 0.73
3.3 0.96 0.91 0.83 0.77
3.4 0.96 0.93 0.86 0.80
3.5 0.97 0.94 0.88 0.82
For one-tailed test divide α in half
α for 1-Tailed/2-Tailed Tests
*J. Welkowitz, R. B. Ewen, & J. Cohen, Introductory Statistics for the Behavioral Sciences, (New York: Harcourt, Brace, Jovanovich, 1988), p. 35.
28
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Power Calculations: Power > 99.5%
29
Calculation of Effect Size, Power, and P(Type II)
Pooled Standard Deviation 12.806 =SQRT(E9+F9)/2
Effect Size: Cohen's d 0.4458 =ABS(E17/E24)
Intepretation of Cohen's d Small Effect
Adjusted n 155.50 =2*(E3*F3)/(E3+F3)
Delta, δ 5.6 =E25*SQRT(E27)




Power Estimate Using a Power Table δ 0.05/0.10 0.025/0.05 0.01/0.02 0.005/0.01
Power Estimate 5.6 ** ** ** 0.99
P(Type II) >0.005 >0.005 >0.005 0.01
** Signifies that Power at or below this point is greater than 0.995
29
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Do results lack practical significance?
The difference between a 74.30 and an 80.01 on the 
first exam is statistically significant 
The Effect Size is small, but not inconsequential




#6: Decide & Report
31





H0: μ9 ≥ μ11
H1: μ9 < μ11
Decision
Reject H0










Samples must be independent
Note: Excel’s Data Analysis ToolPak lacks 









X - Favors Legalization 199 444 352
n - Trials 393 655 450
p - Proportion 0.5064 0.6748 0.7822
34
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#1: Test Set-Up – Research Question
Are Republicans less likely to favor the 





#2: Select Significance Level, α




#3: State H0 & H1
Are Republicans less likely to favor the legalization of 
marijuana than Independents?






#3: State H0 & H1




#4: Compose the Decision Rule
Find the Critical Value of z
Excel: -1.645 [=NORM.S.INV(0.05)]
Table: -1.65
z is negative for left tailed tests
39
Area between the Mean and z
z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
1.5 0.4332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441
1.6 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0.4515 0.4525 0.4535 0.4545




#4: Compose the Decision Rule
40






#5: Calculate the Test Statistic











X - Favors Legalization 199 444
n - Trials 393 655
p - Proportion 0.5064 0.6748
41
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#5: Calculate the Test Statistic
Step 2: Calculate the z-value
42
Republicans Independents
X - Favors Legalization 199 444
n - Trials 393 655




















#5: Find the p-value
A z-value of -5.520 is very extreme
The p-value will be tiny
=1-NORMSDIST(ABS((-5.520))) = 0.00000002






Where	phi	(φ ) = 2 arsin * p( )
Arsin = 	Inverse	of	the	sine	function
= ASIN(Number)
#5: Calculate Effect Size - Cohen’s h
44
Calculation of Effect Size, Power, and P(Type II)
Effect Size, Cohen's h 0.35 =ABS(PHI1-PHI2)
Phi 1, φ1 1.584 =2*(ASIN(SQRT(0.5064)))



















#5: Statistical Power (G*Power)
Settings
Test family: z tests
Statistical test: Proportions: Difference between two 
independent proportions
Type of power analysis: Post hoc: Compute achieved 




#5: Statistical Power (G*Power)
Settings (Continued)
Input
Tail(s): One Proportion p2: 0.6748
Proportion 
p1: 0.5064















Is this test over-powered?
Power is approaching 100%
Not over-powered: 




#6: Decide & Report
49




p-value = < 0.001
H0: πR ≥ πI
H1: πR < πI
Decision
Reject H0
Republicans are less likely




Do we have practical significance?
Yes
The test measures a strong difference in attitudes 
between Republicans and Independents




This test has severe limitations
Test only compares two samples (we have 3 samples)
Would need 3 tests to compare Republicans, Independents, 
and Democrats (R to I, R to D, and I to D)
Build-up of Type I errors: 
1 - 0.953 = 1 – 0.8574 = 0.1426, not 0.05










Two-Sample t-test for Independent Means
53
Samples must be independent
The σ for one or both samples is unknown, or
One or both samples have sample sizes < 30
Data for both samples are normally distributed
53
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Which t-test to use?
Use the F-test for Equality of Variance
F-Distribution defined by df in numerator, df in
denominator, and α
Degrees of freedom = n – 1 in the numerator 





Research Question for Equality of Variance Test
Do the two samples have equal variance?


















The Null & Alternate Hypothesis for 












Critical Values Tables for F
The tables are BIG
Only two tables readily available: α = 5% & α = 1%
To reduce the size of the tables, all tests are right-tailed
Tables are missing some critical values
Excel can overcome these limitations




Determining the correct t-test to use
Equality of Variance F-Test
Variances are Equal
Use Pooled Variance 
t-Test
Variances are Unequal






Critical Values for F, α = 0.05
60
Critical Values of the F Distribution  5%
Clear-Sighted Statistics CriticalValues_Tables.xlsx, F_0.05
a 5% Degrees of Freedom (df) for the Numerator
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 24 25 30 35 40 45 50
1 161 200 216 225 230 234 237 239 241 242 243 244 245 245 246 246 247 247 248 248 249 249 250 251 251 251 252
2 18.5 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.5 19.5 19.5 19.5 19.5 19.5 19.5
3 10.1 9.6 9.3 9.1 9.0 8.9 8.9 8.8 8.8 8.8 8.8 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.6 8.6 8.6 8.6 8.6 8.6 8.6
4 7.7 6.9 6.6 6.4 6.3 6.2 6.1 6.0 6.0 6.0 5.9 5.9 5.9 5.9 5.9 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.7 5.7 5.7 5.7 5.7
5 6.6 5.8 5.4 5.2 5.1 5.0 4.9 4.8 4.8 4.7 4.70 4.68 4.66 4.64 4.62 4.60 4.59 4.58 4.57 4.56 4.53 4.52 4.50 4.48 4.46 4.45 4.44
6 6.0 5.1 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06 4.03 4.00 3.98 3.96 3.94 3.92 3.91 3.90 3.88 3.87 3.84 3.83 3.81 3.79 3.77 3.76 3.75
7 5.6 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.64 3.60 3.57 3.55 3.53 3.51 3.49 3.48 3.47 3.46 3.44 3.41 3.40 3.38 3.36 3.34 3.33 3.32
8 5.3 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.31 3.28 3.26 3.24 3.22 3.20 3.19 3.17 3.16 3.15 3.12 3.11 3.08 3.06 3.04 3.03 3.02
9 5.1 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.10 3.07 3.05 3.03 3.01 2.99 2.97 2.96 2.95 2.94 2.90 2.89 2.86 2.84 2.83 2.81 2.80
10 5.0 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98 2.94 2.91 2.89 2.86 2.85 2.83 2.81 2.80 2.79 2.77 2.74 2.73 2.70 2.68 2.66 2.65 2.64
11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 2.85 2.82 2.79 2.76 2.74 2.72 2.70 2.69 2.67 2.66 2.65 2.61 2.60 2.57 2.55 2.53 2.52 2.51
12 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80 2.75 2.72 2.69 2.66 2.64 2.62 2.60 2.58 2.57 2.56 2.54 2.51 2.50 2.47 2.44 2.43 2.41 2.40
13 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71 2.67 2.63 2.60 2.58 2.55 2.53 2.51 2.50 2.48 2.47 2.46 2.42 2.41 2.38 2.36 2.34 2.33 2.31
14 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65 2.60 2.57 2.53 2.51 2.48 2.46 2.44 2.43 2.41 2.40 2.39 2.35 2.34 2.31 2.28 2.27 2.25 2.24
15 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 2.54 2.51 2.48 2.45 2.42 2.40 2.38 2.37 2.35 2.34 2.33 2.29 2.28 2.25 2.22 2.20 2.19 2.18
16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 2.49 2.46 2.42 2.40 2.37 2.35 2.33 2.32 2.30 2.29 2.28 2.24 2.23 2.19 2.17 2.15 2.14 2.12
17 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49 2.45 2.41 2.38 2.35 2.33 2.31 2.29 2.27 2.26 2.24 2.23 2.19 2.18 2.15 2.12 2.10 2.09 2.08
18 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41 2.37 2.34 2.31 2.29 2.27 2.25 2.23 2.22 2.20 2.19 2.15 2.14 2.11 2.08 2.06 2.05 2.04
19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42 2.38 2.34 2.31 2.28 2.26 2.23 2.21 2.20 2.18 2.17 2.16 2.11 2.11 2.07 2.05 2.03 2.01 2.00
20 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35 2.31 2.28 2.25 2.22 2.20 2.18 2.17 2.15 2.14 2.12 2.08 2.07 2.04 2.01 1.99 1.98 1.97
21 4.32 3.47 3.07 2.84 2.68 2.57 2.49 2.42 2.37 2.32 2.28 2.25 2.22 2.20 2.18 2.16 2.14 2.12 2.11 2.10 2.05 2.05 2.01 1.98 1.96 1.95 1.94
22 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34 2.30 2.26 2.23 2.20 2.17 2.15 2.13 2.11 2.10 2.08 2.07 2.03 2.02 1.98 1.96 1.94 1.92 1.91
23 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 2.32 2.27 2.24 2.20 2.18 2.15 2.13 2.11 2.09 2.08 2.06 2.05 2.01 2.00 1.96 1.93 1.91 1.90 1.88
24 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.22 2.18 2.15 2.13 2.11 2.09 2.07 2.05 2.04 2.03 1.98 1.97 1.94 1.91 1.89 1.88 1.86
25 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28 2.24 2.20 2.16 2.14 2.11 2.09 2.07 2.05 2.04 2.02 2.01 1.96 1.96 1.92 1.89 1.87 1.86 1.84
26 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27 2.22 2.18 2.15 2.12 2.09 2.07 2.05 2.03 2.02 2.00 1.99 1.95 1.94 1.90 1.87 1.85 1.84 1.82
27 4.21 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25 2.20 2.17 2.13 2.10 2.08 2.06 2.04 2.02 2.00 1.99 1.97 1.93 1.92 1.88 1.86 1.84 1.82 1.81
28 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24 2.19 2.15 2.12 2.09 2.06 2.04 2.02 2.00 1.99 1.97 1.96 1.91 1.91 1.87 1.84 1.82 1.80 1.79
29 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 2.22 2.18 2.14 2.10 2.08 2.05 2.03 2.01 1.99 1.97 1.96 1.94 1.90 1.89 1.85 1.83 1.81 1.79 1.77
30 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 2.16 2.13 2.09 2.06 2.04 2.01 1.99 1.98 1.96 1.95 1.93 1.89 1.88 1.84 1.81 1.79 1.77 1.76
35 4.12 3.27 2.87 2.64 2.49 2.37 2.29 2.22 2.16 2.11 2.07 2.04 2.01 1.99 1.96 1.94 1.92 1.91 1.89 1.88 1.83 1.82 1.79 1.76 1.74 1.72 1.70
40 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12 2.08 2.04 2.00 1.97 1.95 1.92 1.90 1.89 1.87 1.85 1.84 1.79 1.78 1.74 1.72 1.69 1.67 1.66
45 4.06 3.20 2.81 2.58 2.42 2.31 2.22 2.15 2.10 2.05 2.01 1.97 1.94 1.92 1.89 1.87 1.86 1.84 1.82 1.81 1.76 1.75 1.71 1.68 1.66 1.64 1.63
50 4.03 3.18 2.79 2.56 2.40 2.29 2.20 2.13 2.07 2.03 1.99 1.95 1.92 1.89 1.87 1.85 1.83 1.81 1.80 1.78 1.74 1.73 1.69 1.66 1.63 1.61 1.60
55 4.02 3.16 2.77 2.54 2.38 2.27 2.18 2.11 2.06 2.01 1.97 1.93 1.90 1.88 1.85 1.83 1.81 1.79 1.78 1.76 1.72 1.71 1.67 1.64 1.61 1.59 1.58
60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04 1.99 1.95 1.92 1.89 1.86 1.84 1.82 1.80 1.78 1.76 1.75 1.70 1.69 1.65 1.62 1.59 1.57 1.56






















Critical Values for F, α = 0.01
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Critical Values of the F Distribution  1%
Clear-Sighted Statistics CriticalValues_Tables.xlsx, F_0.01
a 1% Degrees of Freedom (df) for the Numerator
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 24 25 30 35 40 45 50
1 4052 5000 5403 5625 5764 5859 5928 5981 6022 6056 6083 6106 6126 6143 6157 6170 6181 6192 6201 6209 6235 6240 6261 6276 6287 6296 6303
2 98.5 99.0 99.2 99.2 99.3 99.3 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.5 99.5 99.5 99.5 99.5 99.5 99.5
3 34.1 30.8 29.5 28.7 28.2 27.9 27.7 27.5 27.3 27.2 27.1 27.1 27.0 26.9 26.9 26.8 26.8 26.8 26.7 26.7 26.6 26.6 26.5 26.5 26.4 26.4 26.4
4 21.2 18.0 16.7 16.0 15.5 15.2 15.0 14.8 14.7 14.5 14.5 14.4 14.3 14.2 14.2 14.2 14.1 14.1 14.0 14.0 13.9 13.9 13.8 13.8 13.7 13.7 13.7
5 16.3 13.3 12.1 11.4 11.0 10.7 10.5 10.3 10.2 10.1 9.96 9.89 9.82 9.77 9.72 9.68 9.64 9.61 9.58 9.55 9.47 9.45 9.38 9.33 9.29 9.26 9.24
6 13.7 10.9 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.79 7.72 7.66 7.60 7.56 7.52 7.48 7.45 7.42 7.40 7.31 7.30 7.23 7.18 7.14 7.11 7.09
7 12.2 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.54 6.47 6.41 6.36 6.31 6.28 6.24 6.21 6.18 6.16 6.07 6.06 5.99 5.94 5.91 5.88 5.86
8 11.3 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.73 5.67 5.61 5.56 5.52 5.48 5.44 5.41 5.38 5.36 5.28 5.26 5.20 5.15 5.12 5.09 5.07
9 10.6 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 5.18 5.11 5.05 5.01 4.96 4.92 4.89 4.86 4.83 4.81 4.73 4.71 4.65 4.60 4.57 4.54 4.52
10 10.0 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85 4.77 4.71 4.65 4.60 4.56 4.52 4.49 4.46 4.43 4.41 4.33 4.31 4.25 4.20 4.17 4.14 4.12
11 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63 4.54 4.46 4.40 4.34 4.29 4.25 4.21 4.18 4.15 4.12 4.10 4.02 4.01 3.94 3.89 3.86 3.83 3.81
12 9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39 4.30 4.22 4.16 4.10 4.05 4.01 3.97 3.94 3.91 3.88 3.86 3.78 3.76 3.70 3.65 3.62 3.59 3.57
13 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19 4.10 4.02 3.96 3.91 3.86 3.82 3.78 3.75 3.72 3.69 3.66 3.59 3.57 3.51 3.46 3.43 3.40 3.38
14 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 3.94 3.86 3.80 3.75 3.70 3.66 3.62 3.59 3.56 3.53 3.51 3.43 3.41 3.35 3.30 3.27 3.24 3.22
15 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.73 3.67 3.61 3.56 3.52 3.49 3.45 3.42 3.40 3.37 3.29 3.28 3.21 3.17 3.13 3.10 3.08
16 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 3.69 3.62 3.55 3.50 3.45 3.41 3.37 3.34 3.31 3.28 3.26 3.18 3.16 3.10 3.05 3.02 2.99 2.97
17 8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.52 3.46 3.40 3.35 3.31 3.27 3.24 3.21 3.19 3.16 3.08 3.07 3.00 2.96 2.92 2.89 2.87
18 8.29 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.60 3.51 3.43 3.37 3.32 3.27 3.23 3.19 3.16 3.13 3.10 3.08 3.00 2.98 2.92 2.87 2.84 2.81 2.78
19 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52 3.43 3.36 3.30 3.24 3.19 3.15 3.12 3.08 3.05 3.03 3.00 2.92 2.91 2.84 2.80 2.76 2.73 2.71
20 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 3.37 3.29 3.23 3.18 3.13 3.09 3.05 3.02 2.99 2.96 2.94 2.86 2.84 2.78 2.73 2.69 2.67 2.64
21 8.02 5.78 4.87 4.37 4.04 3.81 3.64 3.51 3.40 3.31 3.24 3.17 3.12 3.07 3.03 2.99 2.96 2.93 2.90 2.88 2.80 2.79 2.72 2.67 2.64 2.61 2.58
22 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35 3.26 3.18 3.12 3.07 3.02 2.98 2.94 2.91 2.88 2.85 2.83 2.75 2.73 2.67 2.62 2.58 2.55 2.53
23 7.88 5.66 4.76 4.26 3.94 3.71 3.54 3.41 3.30 3.21 3.14 3.07 3.02 2.97 2.93 2.89 2.86 2.83 2.80 2.78 2.70 2.69 2.62 2.57 2.54 2.51 2.48
24 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3.09 3.03 2.98 2.93 2.89 2.85 2.82 2.79 2.76 2.74 2.66 2.64 2.58 2.53 2.49 2.46 2.44
25 7.77 5.57 4.68 4.18 3.85 3.63 3.46 3.32 3.22 3.13 3.06 2.99 2.94 2.89 2.85 2.81 2.78 2.75 2.72 2.70 2.62 2.60 2.54 2.49 2.45 2.42 2.40
26 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 3.09 3.02 2.96 2.90 2.86 2.81 2.78 2.75 2.72 2.69 2.66 2.58 2.57 2.50 2.45 2.42 2.39 2.36
27 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15 3.06 2.99 2.93 2.87 2.82 2.78 2.75 2.71 2.68 2.66 2.63 2.55 2.54 2.47 2.42 2.38 2.35 2.33
28 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 3.03 2.96 2.90 2.84 2.79 2.75 2.72 2.68 2.65 2.63 2.60 2.52 2.51 2.44 2.39 2.35 2.32 2.30
29 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09 3.00 2.93 2.87 2.81 2.77 2.73 2.69 2.66 2.63 2.60 2.57 2.49 2.48 2.41 2.36 2.33 2.30 2.27
30 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 2.98 2.91 2.84 2.79 2.74 2.70 2.66 2.63 2.60 2.57 2.55 2.47 2.45 2.39 2.34 2.30 2.27 2.25
35 7.42 5.27 4.40 3.91 3.59 3.37 3.20 3.07 2.96 2.88 2.80 2.74 2.69 2.64 2.60 2.56 2.53 2.50 2.47 2.44 2.36 2.35 2.28 2.23 2.19 2.16 2.14
40 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.73 2.66 2.61 2.56 2.52 2.48 2.45 2.42 2.39 2.37 2.29 2.27 2.20 2.15 2.11 2.08 2.06
45 7.23 5.11 4.25 3.77 3.45 3.23 3.07 2.94 2.83 2.74 2.67 2.61 2.55 2.51 2.46 2.43 2.39 2.36 2.34 2.31 2.23 2.21 2.14 2.09 2.05 2.02 2.00
50 7.17 5.06 4.20 3.72 3.41 3.19 3.02 2.89 2.78 2.70 2.63 2.56 2.51 2.46 2.42 2.38 2.35 2.32 2.29 2.27 2.18 2.17 2.10 2.05 2.01 1.97 1.95
55 7.12 5.01 4.16 3.68 3.37 3.15 2.98 2.85 2.75 2.66 2.59 2.53 2.47 2.42 2.38 2.34 2.31 2.28 2.25 2.23 2.15 2.13 2.06 2.01 1.97 1.94 1.91
60 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72 2.63 2.56 2.50 2.44 2.39 2.35 2.31 2.28 2.25 2.22 2.20 2.12 2.10 2.03 1.98 1.94 1.90 1.88






















Finding CV with a table
Select the table that matches the significance level
Find the df for the numerator (column)
Find the df for the denominator (row)




Finding CVs for F with Excel
c
Fast and easy
No missing combinations of degrees of freedom










df numerator = 5
df denominator = 18
109876543210
4.58
df numerator = 18
df denominator = 5
43210
2.28
df numerator = 25
df denominator = 15
3210
2.09
df numerator = 15








Nunya School of Business is testing a new introductory 
accounting textbook
New textbook assigned to half the Accounting 1 classes 
Current textbook assigned to the other half





100 in each group were given a standardized test 
(independent samples)
Because there is no good estimate of the population 
variances, a two-sample z-test for the means cannot be used
Which two-sample t-tests should be used? 








Test scores from classes using the current textbook
76 76 88 72 91 79 59 95 87 66 55 63 93 76 68 73 87 90 94 70
88 71 95 59 77 91 75 72 72 94 63 93 65 87 90 70 85 61 84 86
91 81 92 55 69 90 77 61 74 64 58 67 72 93 76 87 83 89 95 90
78 94 73 85 81 90 90 88 85 77 56 81 61 91 68 93 77 60 59 76
72 85 65 82 80 59 58 64 75 57 92 75 93 67 55 95 58 57 81 79
Test scores from classes using the new textbook
86 81 64 98 91 99 93 86 81 94 86 96 58 74 58 100 63 59 92 86
95 63 85 89 73 87 69 73 61 62 90 92 83 66 67 79 59 84 76 81
95 95 72 84 95 79 58 64 85 76 73 63 81 77 97 77 98 63 73 100
93 69 84 89 74 62 81 75 63 62 89 86 61 100 94 99 87 60 94 97
69 83 90 85 93 63 91 78 90 62 75 80 83 59 73 84 74 90 78 98
68
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#1: Determining Equality of Variance 
Using Excel’s Data Analysis ToolPak





#1: Determining Equality of Variance 
Using Excel’s Data Analysis ToolPak






#1: Determining Equality of Variance 
Using Excel’s Data Analysis ToolPak





Important: Larger variance must go 
in Variable 1 Range 
This is a major weakness of Excel





#1: Determining Equality of Variance 
Using Excel’s Data Analysis ToolPak










How this workbook works
76
IF statements used to place samples correctly in the numerator and 
denominator
IF statements used to write decision rule, make the decision, and 
determine which two-sample t-test to use
FCV: “=FINV(α,df_numerator,df_denominator)”
p-value: “=1-F.DIST(F-value, df_numerator,df_denominator,TRUE)” 
If statement is used to state which t-test to use based on the p-value
76
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#1: t-test Set-Up: Variances are =
Conduct a Pooled Variance t-test





#1: Research Question 
Do students using the new textbook 
earn significantly higher scores on the 




#2: Select Significance Level, α





#3: State H0 & H1




#4: Compose the Decision Rule
Find the CV for t using table
df = n1 + n2 – 2 
(2 = number of independent samples)
100 + 100 – 2 = 198
CV for right-tailed test = 1.653
81
    α — One-Tailed Test
0.10 0.05 0.025 0.01 0.005 0.0005
    α — Two-Tailed Test
df 0.20 0.10 0.05 0.02 0.01 0.001






#4: Compose the Decision Rule
82
Reject the H0 if t is > 1.653
82
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t-Test: Two-Sample Assuming Equal Variances









t Critical one-tail 1.652585784
P(T<=t) two-tail 0.104992583






#5: Calculate Effect Size
86
Use pool variance t-test
Direction of the test Right-Tail
H0: μ1 ≤ μ2
H1: μ1 > μ2
Degrees of Freedom, df 198
tCV 1.653




p-value 0.0525 ES Thresholds
Decision Fail to reject Small Effect 0.20
Cohen's d Effect Size 0.06 Medium Effect 0.50
Interpretation of ES Minimal Effect Large Effect 0.80
The new textbook had a negligible effect
86
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#5: Statistical Power (G*Power)
Settings
Test family: t tests
Statistical test - Means: Difference between two 
independent means (two groups)
Type of power analysis - Post hoc: Compute achieved 




#5: Statistical Power (G*Power)
Settings (Continued)
Input parameters
Tail(s): One Effect Size: 0.06









#5: Statistical Power (G*Power)
Output
Test grossly under-powered: 
11.08%





Reject the H0 if t is > 1.653
#6: Decide & Report
91
H0: μn ≤ μo





Fail to reject H0
p-value > α
Results inconclusive due






Performing the calculations by hand
92
#1: Find the sample means and sample variances
Test scores from classes using the current textbook
76 76 88 72 91 79 59 95 87 66 55 63 93 76 68 73 87 90 94 70 n = 100
88 71 95 59 77 91 75 72 72 94 63 93 65 87 90 70 85 61 84 86 Sample Mean = 77.12
91 81 92 55 69 90 77 61 74 64 58 67 72 93 76 87 83 89 95 90 Sample Var. = 152.89
78 94 73 85 81 90 90 88 85 77 56 81 61 91 68 93 77 60 59 76
72 85 65 82 80 59 58 64 75 57 92 75 93 67 55 95 58 57 81 79
Test scores from classes using the new textbook
86 81 64 98 91 99 93 86 81 94 86 96 58 74 58 100 63 59 92 86 n 100
95 63 85 89 73 87 69 73 61 62 90 92 83 66 67 79 59 84 76 81 Sample Mean = 80.01
95 95 72 84 95 79 58 64 85 76 73 63 81 77 97 77 98 63 73 100 Sample Var. = 162.01
93 69 84 89 74 62 81 75 63 62 89 86 61 100 94 99 87 60 94 97
69 83 90 85 93 63 91 78 90 62 75 80 83 59 73 84 74 90 78 98
92
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Performing the calculations by hand
93
#2: Find Pooled Variance
Current New
n 100 100
Sample Mean 77.12 80.01
Sample Var. 152.895 162.010
sp
2 =
















Sample Mean 77.12 80.01










































Jittery Joe’s and Caffeine Carl’s own competitive 
espresso stands are at opposite ends of the mall
They argue incessantly about whose stand is more 
successful





Receipts for 66 days are collected
98
Jittery Joe: Daily Revenue
$1,503 $1,495 $1,565 $1,625 $1,495 $1,702 $1,500 $1,450 $1,325 $1,685 $1,503
$1,703 $1,410 $1,502 $1,455 $1,399 $1,503 $1,498 $1,586 $1,550 $1,398 $1,402
$1,650 $1,455 $1,565 $1,503 $1,575 $1,425 $1,552 $1,547 $1,386 $1,235 $1,799
$1,250 $1,497 $1,498 $1,475 $1,445 $1,359 $1,403 $1,402 $1,566 $1,450 $1,027
$1,345 $1,551 $1,498 $1,602 $1,598 $1,402 $1,545 $1,552 $1,648 $1,703 $1,755
$1,545 $1,550 $1,553 $1,535 $1,553 $1,549 $1,402 $1,555 $1,501 $1,543 $1,558
Caffeine Carl: Daily Revenue
$1,755 $1,655 $1,755 $1,525 $1,333 $1,755 $1,465 $1,777 $1,426 $1,553 $1,495
$1,475 $1,358 $1,420 $1,423 $1,335 $1,301 $1,525 $1,333 $1,775 $1,777 $1,495
$1,335 $1,459 $1,403 $1,425 $1,436 $1,354 $1,402 $1,485 $1,726 $1,595 $1,279
$1,675 $1,411 $1,428 $1,802 $1,565 $1,795 $1,875 $1,875 $1,755 $1,685 $1,324
$1,322 $1,625 $1,355 $1,358 $1,315 $1,495 $1,375 $1,695 $1,350 $1,375 $1,785





Jittery Joe Caffeine Carl
n = 66 66
Mean = $1,505.47 $1,504.21
Sample Var. = 15,253.24 31,982.57




#1: Which test is appropriate?
Sales are independent
Population variances are unknown
Which t-test for independent means is appropriate?











Given low p-value, Reject H0




What the Unequal Variance t-test does
Reduces degrees of freedom
Makes it harder to reject the H0
Lowers statistical power





Is there a significant difference in 






#2: Select Significance Level, α




#3: State H0 & H1
Research question implies 
a two-tailed test




#4: Compose the Decision Rule
Calculate reduced df









































































































#4: Compose the Decision Rule
Find Critical Value: two tailed test, α = 0.05
=T.INV(0.05,116) = -1.981 & +1.981
107
    α — Two-Tailed Test
df 0.20 0.10 0.05 0.02 0.01 0.001






#4: Compose Decision Rule
108







t-Test: Two-Sample Assuming Unequal Variances








t Critical one-tail 1.65809574
P(T<=t) two-tail 0.9625878
t Critical two-tail 1.980626
#5: Calculate the Test Statistic - Excel
Only $1.26 difference 






#5: Calculate Effect Size
110
Cohen’s d = 0.0021—Negligible effect
Unequal variance t-test
Direction of the test Two-Tails
H0: μ1 = μ2
H1: μ1 ≠ μ2
Degrees of Freedom, df 116 Adjusted df
tCV -1.981 1.981




p-value 0.9626 ES Thresholds
Decision Fail to reject Small Effect 0.20
Cohen's d Effect Size 0.0021 Medium Effect 0.50
Interpretation of ES Negligible Effect Large Effect 0.80
110
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#5: Statistical Power (G*Power)
Settings
Test family: t tests
Statistical test: Means: Difference between two 
independent means (two groups)
Type of power analysis: Post hoc: Compute achieved 





#5: Statistical Power (G*Power)
Settings (Continued)
Input parameters
Tail(s): Two Effect Size: 0.0021









#5: Statistical Power (G*Power)
Output
Test grossly under-powered: 
5.0%


























Reject the H0 if t is < -1.981 or > 1.981
#6: Decide & Report
115
H0: μJ = μC





Fail to reject H0
p-value > α
Results inconclusive due




Two-Sample Tests of Means










Ivy League Test Prep wants to find out whether clients who completed 
the company’s SAT preparation program increased their SAT scores
A random sample of 36 was selected
Data show respondents’ before and after SAT scores





Have clients who completed their SAT test 
preparation program increased their scores?





#1: Test Set-Up – The Data
120
Measurement After Before
Sample Mean, X̅ 971.94 967.81
Sample Std. Dev., s 97.34 99.17
Sample Variance, s2 9,475.71 9,833.93








































#2: Select Significance Level, α




#3: State H0 & H1
H0: μd ≤ 0 H1: μd > 0
122
μd = Mean of the differences between After & Before
122
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#4: Compose the Decision Rule
df = # of Matched Pairs – 1




    α — One-Tailed Test
0.10 0.05 0.025 0.01 0.005 0.0005
    α — Two-Tailed Test
df 0.20 0.10 0.050 0.02 0.01 0.001




#4: Compose the Decision Rule
124
































t Critical one-tail 1.68957246
P(T<=t) two-tail 0.01205179





#5: Calculate Effect Size
128
Cohen’s d = 0.44: Small Effect
Enter values in the RED Cells
Significance Level, α 0.10
Direction of the Test left-tail
After Before
Sample Mean 987.11 967.81
Sample Std. Dev. 93.72 99.17
Sample Variance 8,783.07 9,833.93
Number of Observations, n 36 36
Degrees of Freedom 35 =F6-1
CV of t -1.306
H0: μd ≥ 0
H1: μd < 0
Decision Rule: Reject the null hypothesis if t is < -1.306
d-Bar 19.31 =AVERAGE(C10:C45)




Decision Reject null hypothesis
Cohen's d Effect Size 0.44 =E14/E15
Cohen's d ES (Method 2) 0.44 =E17/SQRT(E8)











Average SAT scores increased by 19.31 points
While Effect Size is not negligible, the improved SATs 
may not impress college admissions committees
This is a case where the results are statistically 




#5: Statistical Power (G*Power)
Settings
Test family: t tests
Statistical test - Means: Difference between two 
dependent means (matched pairs)
Type of power analysis – Post hoc: Compute achieved 




#5: Statistical Power (G*Power)
Settings (Continued)
Input parameters
Tail(s): One Effect Size: 0.44
α err prob: 
0.05
Power 







#5: Statistical Power (G*Power)
Output
Power: 82.73%









#5: Calculate the Test Statistic (By Hand)
134
#1: Find the Mean of the Difference 









#5: Calculate the Test Statistic (By Hand)
135
#2: Find the Standard Deviation of










Here are the calculations for
the mean and standard deviation




















Reject the H0 if t is > 1.690
t = 2.648
p-value = 0.6%
H0: μd ≤ 0















Except where otherwise noted Clear-Sighted Statistics is licensed under
a Creative Commons License. You are free to share derivatives of this work
for non-commercial purposes only. Please attribute this work to Edward Volchok.
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